A simple, rapid, practical and sensitive spectofluorimetric method was developed for the determination of trace amount of heparin (Hep). Under the Optimum conditions, we studied the interaction between NFLX-Ce 3+ -Hep complex by using absorption and fluorescence spectra. It was observed that Hep remarkably enhance the fluorescence intensity of the NFLX-Ce 3+ complex at λ = 356 nm in the buffer solution of pH = 7.60 and the enhancement effect is shown to relate with the concentration of Hep. The linear range and detection limit for the determination of Hep was obtained. By the Rosenthal graphic method, the association constant (K) and binding numbers (N) of Hep with probe were investigated. This method is relatively free of interference from coexisting substances and successfully applied for the determination of heparin in heparin sodium injection samples. A suitable mechanism of fluorescence enhancement between NFLX-Ce 3+ and the NFLX-Ce 3+ -Hep systems were proposed and discussed.
Introduction
Heparin (Hep) is a naturally-occurring anticoagulant produced by basophiles and mast cells, with a molecular weight ranging from 12000 -15000 g/mol. It is a member of the glycosaminoglycan family of carbohydrates and consists of a variablysulfated repeating disaccharide unit. The most common disaccharide unit is composed of a 2-O-sulfated iduronic acid and 6-O-sulfated, N-sulfated, glucosamine. A highly-sulfated glycosaminoglycan, Hep is widely used as an injectable anticoagulant. The whole Hep molecule is negatively charged in aqueous solution and the average charge 1 is −70. It can also be used to form an inner anticoagulant surface on various experimental and medical devices such as test tubes and renal dialysis machines. Pharmaceutical grade Hep is derived from mucosal tissues of slaughtered meat of animals such as porcine (pig) intestine or bovine (cow) lung. It acts as an anticoagulant, preventing the formation of clots and extension of existing clots within the blood. It is one of the oldest drugs in widespread clinical uses. Its discovery in 1916 predates the establishment of the United States Food and Drug Administration, although it did not enter clinical trials until 1935.
It was originally isolated from Canine liver cells hence its name (hepar is Greek word for "Liver") Heparin. Hep and its derivatives are effective for preventing thromboses and to cure urgent vein thrombus. 2 It has variety of biological activities such as anticoagulant, antilipemic, antithrombotic, immunoregulatory, antiphlogistic and antianaphylactic activities, etc. 3 So Hep level in the patient's blood need to be carefully and accurately monitored during surgery and recovery. The reported methods of Hep determination focused on: Flowing injection analysis, 4 capillary chromatography, 5 surface plasmon resonance sensor analysis, 6 membrane electrode via protamine titration 7 and extracorporeal membrane oxygenation. 8 The methods mentioned above have high fluorescence quantum yield, large stokes shift, narrow emission bands and a large fluorescence lifetime. Hence, they avoid potential background fluorescent emission interference from the biological matrix. 9 The some of researchers have been reported to detect the Hep by using rare earth fluorescent probe such as Tb, 3+ 9,10 Eu 3+ . 11 But there was no report on NFLX-Ce 3+ complex as a fluorescent probe. Therefore a new method with high sensitivity and selectivity for the spectrofluorometric determination of Hep is established.
In this paper, the interaction of NFLX-Ce 3+ -Hep fluorescence system was studied. Experimental results show that the characteristics peak of Ce 3+ at 356 nm can be greatly enhanced and the enhancement effect is shown to relate with the concentration of Hep. This method is simple relatively free of interference from coexisting substances and can be successfully applied to determine the Hep in heparin sodium injection samples with satisfactory results. By using the Rosenthal graphic method, the binding number and association constant of Hep with the probe has been estimated. The mechanism of fluorescence enhancement between NFLX-Ce 3+ complex and NFLX-Ce 3+ -Hep were also studied.
Experimental
Reagents. All the reagents are of higher grade. The deionised, doubly distilled water was used through out the experiments. by dissolving 2.424 g of tris in 100 mL volumetric flask with water and adjusted the pH with HCl/NaOH.
Apparatus. All fluorescence spectra were recorded on PC based spectrofluorometer (JASCO Japan FP-750) and absorption spectra were recorded with UV-Visible-NIR spectrophotometer (Shimadzu, Model UV-3600). The pH measurements were carried out on pH meter (model LI-10T Elico Pvt. Ltd, India).
General Procedure. An aliquot of standard Ce 3+ solution (1.0 × 10 -4 mol･L -1
) was taken into 10 mL calibrated tubes, followed by addition of 0.5 mL 2.20 × 10 -5 mol･L -1 NFLX solutions, 1 mL of 10.0 µg･mL -1 Hep solution and 0.5 mL buffer solution. The mixture was diluted to 10 mL with doubly distilled water and allowed to stand for 10 minutes at room temperature. The fluorescence intensity was measured in a 1 cm quartz cell at λex/λem = 259/356 nm. The excitation and emission slit width were kept constant at 10 nm for the measurement. The enhanced fluorescence intensity of NFLX-Ce 3+ by Hep was represented as,
Here F and Fo are the fluorescence intensities of the systems with and without Hep, respectively.
Results and Discussion
Fluorescence Spectra. Fluorescence excitation spectra and Fluorescence emission spectra of 1. NFLX, 2. Ce Figure 1 (a) and 1(b) respectively. From the figure, it is observed that pure Ce 3+ ion solution has a nearly no peak. In Fig. 1 -Hep complexes in the ground state. The excitation spectra of NFX without Ce 3+ is identical spectrally with its absorption spectra, and exhibited pronounced blue shift after addition of Ce 3+ and further addition of Hep the intensity seen to enhanced. These observation led us to consider the formation of NFLX-Ce 3+ -Hep ternary complex.
Optimum Conditions. Effect of pH: The effects of various kinds of buffers on the fluorescence intensity of the system were tested and it was found that the Tris-HCl is the best for proposed system. The effect of pH on the fluorescence intensity is shown in Fig. 3 . From the figure it is observed that the flourescence intensity was enhanced maximum in the range of pH 6.8 to 8.2. Therefore the pH 7.6 was fixed for further study.
Effect of NFLX Concentration: The effect of NFLX concentration on the fluorescence intensity of the system was studied when concentration of NFLX solution added in the range of 2.20 × 10 -7 mol･L -1 to 2.20 × 10 -6 mol･L -1 to the NFLX-Ce 3+ -Hep system, the fluorescence intensity reached maximum and remained constant. Thus 1.1 × 10 -6 mol･L -1 NFLX was used for further study.
Effect of Ce 3+ Ion Concentration: In order to study the effect of Ce 3+ ion concentration, the fluorescence intensity measurement of the system was carried out by varying the concentration of Ce 3+ ion from 1 × 10 -5 mol･L -1 to 2 × 10 -5 mol･L -1 (Fig. 4) . The result indicates that the maximum fluorescence intensity was observed in the studied concentration range. Hence all measurements were carried out at 1.5 × 10 -5 mol･L -1 for further study. Effect of Equilibration Time: Equilibration time for completing the chelation reaction was varied between 5 to 30 minutes at room temperature. The fluorescence intensity reached its maximum value and remained stable at least 2 hours then 
Effect of Addition Order:
The addition of various reagents in different orders has a great influence on the florescence intensity. Therefore considering the enhancement of fluorescence intensities of these systems the order of addition were maintained as; NFLX, Ce -Hep system was studied under optimum conditions. The criterion for interference was fixed at a ±10% variation of average fluorescence intensity calculated for the established level of Hep. The tolerance limits for the tested ions are given in Table 1 and it can be seen that the most coexisting substances have no influence. The limit of detection and standard deviation are 60 ng/mL and 0.287 respectively from a series of 10 reagents blanks. Experimental results are shown in Table 2 By comparison with other existing methods, it is observed that the proposed method has advantages over others considering following factors: good stability, high sensitivity and wide linear range. The antimicrobial spectrum of NFLX makes this drug attractive in veterinary therapy. NFLX reaches high levels in the urine and it is used in the treatment of urinary tract infections. The structure of NFLX is shown in Fig.5(a) .
Determination of Heparin in Heparin Sodium
Norfloxacin is one kind of bacteriophage containing an α-carbonyl carboxylic acid configuration. It is suitable for efficient energy transfer from ligand to Ce 3+ ion. The high fluorescence quantum yield is observed due to large stokes shift, narrow emission bands and a large fluorescence life time and so avoid potential background fluorescent emission interferences from biological matrix. Therefore NFLX is an ideal ligand for Ce 
Conclusions
The experiment indicates that Hep can enhance the fluorescence intensity of NFLX-Ce 3+ complex. Under the optimum condition the enhanced fluorescence intensity is in proportion to the concentration of Hep in the range 0.1 to 1.5 µg/mL. In comparison with most of the reported fluorescence probe, 12 NFLX-Ce 3+ has higher sensitivity and wide range. The proposed method has been successfully applied for the determination of Hep from pharmaceutical samples directly. The interaction mechanism is also studied.
